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ABSTRACT 

Data f rom the polar orbiting satellite 1963 38C show the existence 

27-day periodicity in the intensities of trapped, 2 280 kev and 21.2 

electrons for L 2 3.5. This effect i s  seen for  the four sequential 

solar  rotations commencing October 6 ,  1963. 

e lectron intensit ies a r e  observed to undergo two large increases  every 

27 days and a r e  shown to be intimately linked with the passage of the 

recently observed interplanetary magnetic field sector boundaries. It 

i s  a l so  shown that these electron intensity increases  a r e  t r iggered by 

variations in  the parameter  p ,  the ra t io  of the directed solar wind 

kinetic energy density to the interplanetary magnetic field energy dens- 

ity. Equivalently, large variations in the Alfvgn Mach number,  MA,  a r e  

shown to be responsible for these trapped electron variations. 

The trapped energetic 
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INTRODUCTION 

The possible existence of a 27-day periodicity in outer zone ene r -  

getic trapped electron intensities was discussed in a recent  study of the 

tempora l  behavior of such electrons a s  observed f rom the low altitude 

polar orbiting satell i te,  1963 38C [Williams and Smith, 19651. 

An additional but re la ted observation in  this study was that during 

per iods of magnetic quiet, the outer zone trapped electron intensities 

exhibit a steady decay, implying that a quiescent solar  wind does not 

supply f r e s h  par t ic les  to the outer zone, a t  least  not to high latitude 

( L  2 3) low altitude trapping regions. Per turbat ions in the trapped elec-  

t ron population seem to occur mainly when the solar  wind and/or  in te r -  

planetary field direction changes. 

The purpose of this note i s  to present and discuss  data bearing on 

and extending the above observations. 

2 1.2 MeV) electron intensities have now been obtained through the first 

four solar rotations after the launch of 1963 38C. The data show a s t r ik-  

Trapped, energetic (E, 2 280 kev, 

ing 27-day periodicity in that the trapped electron population throughout 

much of the outer zone ( L  2 3.5) undergoes an intensity increase twice 

a every  27 days. Fur thermore ,  this 27-day periodicity in the outer zone 

trapped electron intensit ies is  intimately linked with the passage of the 

interplanetary magnetic field sectors  reported by Ness and Wilcox [1965]. 
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A further study by Wilcox and N e s s  [19651 has  shown that variations 

of the interplanetary field strength,  solar wind velocity and solar  wind 

density a r e  strongly coupled to the observed sector  s t ructure .  

resu l t s  a r e  of interest  in that they have allowed the observed variations 

in  the trapped electron population to  be linked directly to observed var i -  

ations of a particular parameter  in  the interplanetary medium in the 

immediate vicinity of the magnetosphere,  namely p, the ra t io  of the 

directed solar wind kinetic energy density to the magnetic field energy 

density. 

These 

The initial resu l t s  confirming the existence of a 27-day periodicity 

in  the trapped, energetic e lectron population in  the outer zone a t  1100 k m  

have been presented previously (Williams, 1965). The present  paper d is -  

cusses  these variations in  much m o r e  detail  and extends the analysis  to 

include a phenomenological explanation of the observed electron behavior. 

SATELLITE AND DETECTOR 

The satellite 1963 38C and the detector of in te res t  have been de-  

scr ibed in detail  previously [Williams and Smith, 19651. 

Briefly, the satell i te 1963 38C was launched on September 28, 1963 

into a nearly c i rcu lar  polar orbi t  having a 1140 k m  apogee, .a 1067 k m  

perigee,  an 89.9' inclination and a 107.5 min. period. 

the satellite orbi ta l  plane made an angle of -6" with the noon-midnight 

Jus t  af ter  launch 
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meridian and was moving toward the noon-midnight meridian a t  the ap- 

proximate ra te  of l o  per  day due to the ea r th ' s  motion about the sun. 

The satell i te was magnetically aligned and displayed an oscillation of 

$6 '  about the local line of force  some three days after launch. 

Detector 

1 

2 

The experiment of in te res t  is an integral  electron spectrometer  

Energy Response 
(All energies  in  MeV) 

Electrons Protons 

E e Z  0.28 

Ee 2 1.2 

< < > 2.0 - E, - 2.3 and E, - 178 

14.4 5 E 5 14.5 and E, 2 179 
P 

I 

comprised of five, one mil l imeter  thick, surface b a r r i e r  solid state de- 

tectors .  In this note, we shall  only consider data f rom the two lower 

energy channels, namely the channels sensitive to electrons of energy 

Ee 2 280 kev and Ee 2 1.2 Mev respectively. 

cr iminator  levels and absorbing foils yields the particle and energy 

sensit ivit ies shown in  Table I. 

A combination of d i s -  

Monitoring an onboard proton spectrom- 

e t e r  has  shown that proton contamination in  these outer zone electron 

data is negligible. 

TABLE I 

Pert inent  Electron Spectrometer Character is t ics  

The spectrometer  is oriented to look out normal  to the satellite 

As the combination of the smal l  detector look'angle alignment axis. 
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(12.8O full angle) and the smal l  resultant oscillation about the line of 

force (56") i s  well removed f rom the local  loss  cone a t  1100 km in the 

outer zone, the spectrometer  measu res  the intensity of trapped electrons 

mir ror ing  a t ,  or very near ,  the point of observation. 

Directional flux values (electrons per  c m 2  sec  s t e r )  for the 1280 

kev and 21.2 Mev channels may be obtained to an accuracy of < 5070 by 

multiplying the 2 280 kev and 11 .2  Mev count r a t e s  by 500 and 1000 

re  spec tive ly . 
As of October 1965, satellite 1963 38C was still in  operation and 

transmitting data of high quality. 

DATA 

In an ear l ie r  study of the temporal  behavior of trapped 1280 kev 

electrons a t  1100 km on the sunlit hemisphere,  w i l l i a m s  and Smith, 

19651 i t  was observed that e lectron intensity inc reases  occurred during 

the time of the 27-day recur r ing  increase  in magnetic activity. How- 

eve r ,  only one solar  rotation period was included in  the analysis and no 

definite correlat ion with a 27-day period could be made. 

We have now obtained the trapped, 1280 kev and 2 1.2 Mev electron 

data at  1100 k m  on the sunlit hemisphere for the first four solar rotation 

periods a f te r  the launch of 1963 38C. 

the four beginning October 6 ,  1963, November 2,  1963, November 29, 

1963, and December 26, 1963. 

The solar  rotations analyzed a r e  
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The data have been reduced a s  intensity (counts per sec)  versus  

t ime plots a t  half integral  values of L f rom L = 3.0 through L = 6.0. The 

bulk of the data for these plots has  been obtained from the APL receiving 

station a t  Silver Spring, Maryland, and the NASA receiving stations lo- 

cated a t  College, Alaska and Winkfield, England. In addition, NASA re-  

ceiving stations located a t  F o r t  Meyers,  Flor ida,  Eas t  Grand Forks ,  

Minnesota, Goldstone Lake, California and Woomera, Australia contrib- 

uted approximately 10-207~ of the data used in this analysis. 

All these data have been plotted without regard  to B value, yielding 

for example, a spread  in B values at L = 5.0 for a l l  the stations employed, 

of B = 0.32 gauss to B = 0.40 gauss. As noted previously [Williams and 

Smith, 19651 any variation in the data due to this range of B values seems 

to be far  over shadowed by the temporal variations occurring throughout 

the outer zone. Fur thermore ,  no sustained t rend (longer than one or  

two days) in the count ra te  dependence on B was observed during the 

period under observation, i.e. in the observed B range, count r a t e s  were  

just  a s  likely to be l a rge r  a t  high B values as a t  low B values. 

The data points plotted a r e  the resul t  of a 5 point (-12 sec )  averag-  

ing program. The cent ra l  point of the group was within 0.03 ea r th  rad i i  

of the desired L value a t  L = 6.0 and within 0.02 ear th  rad i i  of the de- 

s i red  L value a t  L = 3.0. 

total  spread in  L value of k0.04 a t  L = 3.0 and 

The 5 point averaging process  introduced a 

a t  L = 6.0. Again, 
t. 14 
-.11 
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the temporal variations being studied he re  are much la rger  than any 

variations which may be introduced by the above spread  in  L values in  

these high latitude, low altitude trapping regions. 

We show in Figures  1 through 6, intensity (counts per  sec)  ve r sus  

t ime plots for  trapped, 2 280 kev and 2 1.2 Mev electrons on various L 

shel ls  for the four consecutive solar  rotations beginning October 6 ,  1963. 

Data a r e  shown a t  L values of 3.0, 3.5, 4.5 and 5.0 for 

t rons and L values of 4.5 and 5.0 for 2 1.2 Mev electrons.  

ing L shells studied support the discussion presented herein and have 

been omitted for reasons  of brevity. 

in  Figures 1-6 a r e  the 3 hour averages of K,. 

ence between the electron intensities and magnetic activity is  readily 

discernible. 

280 kev elec-  

The remain-  

Shown along with the electron data 

The general  correspond-  

During the la t ter  two solar rotation periods shown in  F igures  1-6,  

November 29 and December 26, 1963, the magnetometers  aboard the 

NASA IMP-  1 satell i te were  able to monitor the interplanetary magnetic 

field. For these two so lar  rotations plus the succeeding rotation begin- 

ning January 22,  1964, Ness and Wilcox D965] have reported the exis t -  

ence of a regular  longitudinal sector  s t ruc ture  in the interplanetary 

field. The total longitudinal s t ructure  co-rotates  with the sun and is 

separated into four sectors .  In two of these sec to r s ,  each occupying 

about 21’7 of the total  longitude, the field is directed away (+) f rom the 
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sun. 

the field is directed toward ( - )  the sun. The sector  boundaries a r e  

neut ra l  sheets separating regions of oppositely directed field and p ro -  

duce, a s  they sweep past  the ear th ,  a rapidly changing transit ional field 

configuration which may interact  with the magnetosphere and its environs. 

In the two remaining sec tors ,  2 /7  and 1 / 7  of the total  longitude, 

The average sector  boundaries obtained by Ness and Wilcox [19651 

for the three consecutive solar rotations beginning November 29, 1963 

a r e  included in  the plots of Figures  1-6. 

sector  boundaries in the two preceding solar  rotations, October 6 and 

November 2,  1963. It can be seen that the increase  in trapped electron 

intensit ies observed near  the beginning of a solar rotation for L 3.5, 

occurs  a t  o r  jus t  after the a r r i v a l  of a sector  boundary. It is in te res t -  

ing to note that for the rotations of November 2, November 29, and 

December 26, 1963, there i s  an additional particle increase  a t  the a r -  

r i va l  of the sector boundary located -180' f rom the initial particle in- 

c r eases .  

transit ional field, i.e., the field changes f rom - to t. 

of the October 6 rotation was obscured by two large s to rms  and thus 

does not exhibit this effect. We shall at this point consider Figures  1-6 

in  m o r e  detail. 

We also include these average 

The passage of both of these boundaries produces a s imilar  

The la t ter  por t ion .  

The trapped, 2 280 kev electron intensity a t  L = 3.0 for these solar  

rotations is shown in Figure 1 and no readily apparent 27-day variation 
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can be observed. The only observed intensity changes a r e  the sudden 

and large inc reases  associated with sudden intense increases  in mag-  

netic activity occurring on October 24, 1963, October 29, 1963, and 

January 2,  1964. However, it is possible that the particle increase  and 

magnetic activity of January 2,  1964 a r e  associated with the passage of 

the sector boundary a t  * 2100 h r s  on December 31, 1963. Nonetheless, 

par t ic le  increases  a t  L = 3.0 seem to occur only during periods cha r -  

acter is t ized by intense magnetic activity. During the relatively quiet 

per iods,  the intensities show a steady decay r ight  to the detector count 

r a t e  threshold. 

At L = 3.5 (Figure 2)  a 27-day periodicity is jus t  discernible. Note 

that the s ize  of the increase  a t  L = 3.5 is  such that it is  not noticeable 

in  the November 2,  1963 rotation due to the enhanced intensities reached 

during the s to rms  of October 24 and 29, 1963. Thus the 27-day intensity 

variations being presented he re  may be observable only during the 

quiescent conditions of solar  minimum and may be negligible effects 

during the enhanced activity near  solar  maximum. 

No 27-day periodicity was observable a t  L = 3.5 for the intensit ies 

of trapped, 1.2 Mev electrons.  

Figures 3 ,  4, 5, and 6 c lear ly  show the 27-day periodicity present  

in  trapped, energetic electron intensit ies in  the outer zone. In addition 

to  the large intensity increase  occurring at the a r r i v a l  of the first 2 /7  
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sec to r ,  there  i s  now observed an additional increase a t  the a r r i v a l  of 

the next sector producing the same transit ional field ( -  to t). Both 

energies  observed, Ee 1. 280 kev and 2 1.2 MeV, behave in essentially 

the same manner with the main difference being that the 2.280 kev elec-  

t rons  attain peak intensities a few days before the 1.2 Mev electrons.  

Note that the init ial  electron intensity increase in  the November 29, 

1963 rotation occurs  1.5 to 2 days before the a r r i v a l  of the sector bound- 

a r y  shown a t  2100 hours  on December 4, 1963. This can be explained 

by recall ing that the sector boundary a r r i v a l  t imes shown in Figures  

1-6 a r e  the average values presented by Ness and Wilcox (1965). How- 

eve r ,  a s  mentioned by Ness and Wilcox (1965) and amplified by Wilcox 

and Ness  (1965), the November 29, 1963 rotation i s  somewhat of an ex- 

ception to their proposed sector s t ructure  i n  that the a r r i v a l  of the first 

2 / 7  boundary took place a t  21xx hours on December 2, 1963 ra ther  than 

a t  the expected t ime of 2100 hours  on December 4, 1963. This ear l ie r  

a r r i v a l  was explained by Wilcox and Ness  (1965) a s  due to a higher ob- 

se rved  average solar  wind velocity on December 2,  1963 than during the 

remaining 3 solar  rotations. It is seen that the actual  boundary a r r i v a l  

t ime of 21xx hours  on December 2,  1963 ag rees  remarkably well  with 

the observed electron intensity increases .  

Concurrent with the boundary a r r iva l  a t  21xx hours  on December 2, 

1963 was the s t a r t  of a sudden commencement ( s c )  magnetic s t o r m  a t  
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2116 hours [Lincoln, 19641. A s  the trapped electron intensity increase  

1359 
0903 
1547 
2226 
2116 
0756 
1148 i 

occurring a t  the beginning of December,  1963 could be associated with 

this s c  magnetic s to rm,  we have l isted in  Table 2, a l l  s c ' s  for  the period 

shown in F igures  1-6, October 6, 1963 through January 21, 1964 [Lincoln, 

1964 and 19651. Comparison of Table 2 with F igures  1 - 6  shows that 

electron increases  occur a t  boundary passages where no s c ' s  a r e  re- 

ported and thus, while they may themselves be associated with the s e c -  

tor  boundaries, the s c ' s  a r e  not the cause of the periodic e lectron in- 

c r eases .  In fact ,  the general  correlat ion between the Kp index and 

trapped electron intensit ies probably only exists because both pa ram-  

e t e r s  a r e  affected by the solar wind-magnetospheric interaction, i.e., 

r a the r  than a cause and effect correlation, it is  a correlat ion linking 

two effects of a common cause,  the solar  wind-magnetospheric interaction. 

TABLE 2 

Sudden Commencements Given by 
Ten or  More Stations 

I Date I UT (hours) 

Oct. 29, 1963 
Nov. 17, 1963 
Nov. 22, 1963 
Dec. 1, 1963 
Dec. 2, 1963 
Dec. 28, 1963 
Jan. 1, 1964 

Thus we see  that in  general ,  throughout the outer zone ( L  1 3.5), 

the trapped, energetic electron population exhibits a c lear  27-day 
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periodicity in  that the intensity of these electrons increases  twice every 

27-days. These increases  a r e  strongly correlated to the passage of the 

interplanetary field sector boundaries. Fur ther ,  it is  the a r r iva l  of the 

sector  boundaries defining a field toward sun ( - )  to field away from sun 

(t) transit ion in  the vicinity of the magnetosphere, which t r iggers  the 

major  e lectron intensity increases .  It is possible however, to see some 

evidence for changes in the electron intensities near the a r r iva l  of the 

remaining boundaries, e.g. see the January 8, 1963 sector boundary in  

F igures  3 ,  4, 5, and 6. This particular variation seems more  enhanced 

a t  yet  higher L values. Nevertheless, the major 27-day electron intensity 

increases  throughout the outer zone a s  observed a t  1100 km a r e  associ-  

ated with the - to + transition. 

DISCUSSION 

These resu l t s  show the existence of a distinct 27-day periodicity 

in  the outer zone trapped electron intensities. 

that the major 27-day electron increases  a r e  associated with the a r r i v a l  

of the sector  boundaries producing a - to t interplanetary field t rans i -  

tion in  the vicinity of the magnetosphere. 

boundaries (defining the + to - transition) produce much smal le r ,  and 

possibly no, changes in  the trapped electron population. In this section 

we present  a phenomenological explanation for  the above behavior. 

They further indicate 

The remaining two sector 
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It i s  a widespread assumption that the p r imary  energy source  for 

magnetic s to rms ,  auroras ,  trapped radiation variations etc. is  the solar  

wind. The principle mechanisms proposed for coupling the solar wind . 
energy into the magnetosphere a r e  a viscous interaction between the 

solar  wind and the magnetosphere (Axford and Hines, 1961; Axford, 

1964), an interconnection model in which interplanetary field l ines a r e  

able to connect to  high latitude field l ines of the ea r th ' s  magnetic field 

(Dungey, 1961) and the generation of hydromagnetic waves by the r e -  

sponse of the magnetospheric cavity to a changing interplanetary mag - 
netic field direction (Dessler  and Walters ,  1964). 

The explanation of sudden commencement r i s e  times (Dessler  e t  a l ,  

1960) and the observation of an  extended geomagnetic ta i l  (Ness ,  1965) 

can  be regarded as evidence consistent with the viscous interaction hy- 

pothesis (Axford and Hines, 1961). While under considerable h a r a s s -  

ment,  the interconnection hypothesis (Dungey, 1961) has  received some 

support in the recent  findings of Fairf ie ld  and Cahill (1965) where they 

obtain a correlat ion of north to south transit ions in the interplanetary 

field direction with increased magnetic activity. 

Consideration of the effect  of the presence of a weak interplanetary 

magnetic field on the behavior of the solar  wind i n  the vicinity of the 

magnetosphere led to the prediction of the existence of a shock front a 

few ear th  rad i i  i n  the solar direction f rom the magnetospheric boundary 
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(Axford, 1962; Kellogg, 1962). Such a shock front in agreement with the 

predictions,  has  been observed by the magnetometers aboard the NASA 

IMP-1 satellite (Ness e t  a l ,  1964). 

Walters [19641 has  further argued that an additional effect of an 

oblique interplanetary field in  the ecliptic plane i s  to  cause the axis of 

symmetry of the magnetosphere to  be shifted severa l  degrees  f rom the 

ear th-sun line, a s  i f  the solar wind came f rom an apparent direction 

some severa l  degrees  west of the sun. 

field causing an eas te r ly  deflection of the radially expanding solar wind 

This is due to the interplanetary 

a s  it t r ave r ses  the shock front mentioned above. The amount of deflec- 

tion is dependent on the angle between the interplanetary field and the 

direction of solar  wind flow, +, and on the rat io  of the directed solar  

wind kinetic energy density to the magnetic energy density, p. The 

interplanetary magnetic field has  been observed by Ness  and Wilcox 

[I965 1, to l ie,  on the average,  in the ecliptic plane and to make an angle 

of about 45' to the ear th-sun line in the vicinity of the magnetosphere, 

forming a picture consistent with the Archimedean sp i ra l  angle p r e -  

dicted by P a r k e r  C19581. 

Using the resu l t s  of Walters (1964), Dessler  and Walters (1964) 

have presented a model in which the magnetospheric cavity will osci l -  

la te  to and f r o  in concert  with variations in the direction of the inter-  

planetary magnetic field and will thereby couple solar wind energy to  
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the magnetospheric cavity via the subsequent generation of hydromag- 

ne tic wave s. 

With the above brief discussion in  mind, we shall  proceed to a con- 

sideration of the resu l t s  presented in  the l a s t  section. An explanation 

i s  required for the fact that there  appear to be only two electron intensity 

increases  per 27 days and that these increases  a r e  associated with the 

passage of the sector boundaries defining a - to t transition. If it were 

chiefly variations in  the interplanetary field direction which coupled 

energy into the magnetosphere (Dessler and Walters,  1964), then one 

would expect four increases  every 27 days, resulting f rom the observa-  

tional fact (Ness and Wilcox, 1965) that there  a r e  four co-rotating sector 

boundaries which s.eparate regions of oppositely directed field. 

Wilcox and Ness [19651 have presented the variation of the in te r -  

planetary magnetic field strength, the solar  wind velocity and the solar  

wind density as a function of position, in t ime,  within a 2 / 7  sector .  Such 

correlations were also performed for the solar  wind flux, geomagnetic 

activity and the Deep River neutron monitor for both the t and - sectors.  

Al l  parameters  considered showed a definite and consistent variation a s  

a function of position within,the sector.  

To further understand the trapped electron intensity increases  p r e -  

sented herein, we have used the data of Wilcox and Ness (1965) for the 

2 / 7  sectors ,  and have computed and plotted the directed solar  wind 
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kinetic energy density, 1 / 2  mnV2,  the magnetic field energy density, 

B 2 / 8  77, and their ra t io ,  p = (4n/B2)mnV2.  Here m = proton m a s s ,  n = 

solar  wind number density, V = solar wind velocity and B = magnitude 

of the interplanetary magnetic field. 

separately for the t and - sectors .  

These computations were  performed 

The resu l t s  for the directed solar wind kinetic energy density and 

the magnetic energy density a r e  shown in Figure 7. 

shown in Figure 8. 

pa rame te r s  a s  a function of position, i n  t ime,  within a sector but have 

placed the sec tors  in se r i e s  so a s  to show the variation throughout the 

three consecutive 2 / 7  sectors .  

The ratio,  p ,  is  

Here,  in Figures 7 and 8, we have plotted these 

The remarkable  feature of the variation of p (Figure 8) i s  that it 

undergoes a large variation a t  the boundary defining the - to t transit ion,  

which is  where the trapped electron inc reases  occur. At the t to - 

transit ion boundary, ,f? remains  relatively steady a s  do the trapped elec-  

t ron  intensities. i, 

This indicates that the p r imary  t r igger  for the trapped electron in- 

tensity variations presented here ,  i s  l a rge  variations in the rat io  of the 

directed solar  wind energy density to the magnetic energy density, p. 

To use  a fluid analogy, we note that the Alfvgn speed is given by 
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where p = m a s s  density. This yields 

where MA is the Alfvgn Mach number. A scale  of h/lA =@ is  included 

in  Figure 8. 

Alternatively, we thus see  that the trapped electron intensity in-  

c r e a s e s  occur only when there  a r e  large changes in the Alfvgn Mach 

number. In the present  case  the solar wind i s  highly supersonic and 

strongly shocked during quiescent times and changes to an  extremely 

supersonic and very strongly shocked condition a t  the boundary defining 

the - to t transition. 

We note that the above arguments and conclusions a r e  supported by 

the observed behavior of MA (or  P )  within the 2 /7  sec tors  only, F igures  

7 and 8. Only two 1 / 7  sec tors  were  observed and due to the consequent 

poor statist ics were not shown in the superposed epoch analysis (Ness 

and Wilcox, private communication). 

made the 1 / 7  sector data available so that the above conclusions could 

be checked in general. 

However these authors have kindly 

There were only two usable examples of a 1 /7  sector observed by 

the magnetometers aboard IMP- 1. Fur thermore ,  the beginning and 

ending t imes of these sec tors  were  obscured by IMP-1 being near  pe r i -  

gee. Because of these effects and the existing poor s ta t is t ics  we show 
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separately in Figure 9,  both of these 1 / 7  sec tors  plotted in s e r i e s  with 

the data of Figure 8. Note that only the Alfven Mach number, MA , is  

shown. The shaded a r e a s  indicate the t ime interval  during which the 

1 / 7  sector  boundary occurred - the exact t ime not being known due to 

IMP-1 being a t  perigee. The circled plus signs,  @ , shown near  the 

beginning of the f i r s t  2 / 7  sec tor ,  a r e  the actual individual points ob- 

tained after it was known that the 1 / 7  sector  boundary had passed. These 

points a r e  included to show agreement with the generally low average 

values obtained for the same relative position within the t 2/7  sectors .  

Again we see f rom Figure 9 ,  albeit with m o r e  scat ter  in the data,  

that  MA undergoes large variations a t  the sector boundary defining the 

- to t interplanetary field transit ion,  correlating with the outer zone 

electron intensity increases .  The t to - transit ion is seen to produce 

f a r  l e s s  variation i n  M A  and in outer zone electron intensities. 

The inclusion of the 1 /7 sec tors  further supports our conclusions 

that the trapped electron intensity increases  presented herein occur 

only when there  a r e  large changes in the Alfv’en Mach number,  M A .  

It is  important to note that there is little change in ,8 a t  the t to - 

transit ion boundary and correspondingly little variation in the trapped 

electron intensit ies,  although there  is a la rge  change in  the interplane- 

t a ry  field direction. 

(1964) and Dessler  and Walters (1964) concerning the effects of an oblique 

This s eems  to contradict the arguments of Walters 
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interplanetary magnetic field on the t i l t  of the magnetosphere and the 

subsequent hydromagnetic energy coupling mechanism proposed. 

ever  for such highly supersonic behavior a s  obtained for  the period under 

observation here ,  4 0 2  ,8 5 240, the effective tilting of the magneto- 

spheric  axis will be very smal l  (Walters,  1964) and subsequent magneto- 

spheric twitching due to a changing interplanetary field direction may be 

inconsequential. This argument i s  supported by the observation of Ness 

e t  al. (1964) that during this period the tilt of the magnetospheric axis 

away from the ear th-sun line was -5O- a r e su l t  comparable to the ab- 

beration expected, under the observed solar  wind conditions, due to  the 

ea r th ' s  motion about the sun. 

How- 

SUMMARY AND CONCLUSIONS 

Evidence for  a 27-day variation in  the intensit ies of trapped, ene r -  

getic (E, 2 280 kev and 21.2 MeV) electrons in  the outer zone a t  1100 

k m  has  been presented. It was seen that the intensit ies of these e lec-  

t rons throughout much of the outer zone ( L  2 3 . 5 )  underwent a signifi- 

cant increase twice every 27 days. The spat ia l  and energy dependence 

of this effect was a l so  indicated. 

It was further seen that these intensity inc reases  occurred a t  o r  

jus t  after the passage of the interplanetary sector  boundaries (Ness and 

Wilcox, 1965) which defined the - to t field transit ions in  the vicinity 
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of the magnetosphere (the minus sign signifies field toward sun and the 

plus sign signifies field away f r o m  sun). 

two sector  boundaries, defining the t to - field transit ion,  produced a 

much sma l l e r ,  and possibly no, variation in the trapped electron 

intensities. 

The passage of the remaining 

It was then shown, using the data of Wilcox and Ness ,  1965, that the 

p r i m a r y  t r igger  (or  solar wind-magnetospheric energy coupling mecha- 

nism) for  these trapped electron increases  was large variations in ,8, 

the ra t io  of the directed solar wind kinetic energy density to  the mag- 

netic energy density, o r  equivalently, large variations in the Alfv6n Mach 

number of the solar  wind, M A .  

energy coupling model of Axford and Hines (1961), a t  least  for the highly 

supersonic conditions a s  existed during the period under study. 

This supports the viscous interaction, 

These resu l t s  c lear ly  display the intimate connection between the 

magnetospheric trapping regions and conditions in the interplanetary 

medium. 

turbations (compared to conditions near solar maximum) a r e  able to 

significantly a l ter  the relativist ic electron population deep in  the mag- 

They a l so  emphasize the interesting fact  that these mild p e r -  

netosphere (L  L 3.5). 
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Figure Captions 

F igure  1: Trapped e l e c t r o n  i n t e n s i t i e s  f o r  t h e  four  consecut ive 
s o l a r  r o t a t i o n s  beginning October 6 ,  1963. Data are for  
E, 2 280 kev, L = 3.0 and 1100 lan. The occurrence of t h e  
i n t e r p l a n e t a r y  magnetic f i e l d  s e c t o r  boundaries i s  shown, 
+ = f i e l d  away from sun ,  - = f i e l d  toward sun  (Ness and 
Wilcox, 1965). A p l o t  of t h e  3 hour average Kp va lues  i s  
a l s o  included. 

F igure  2 :  Same as  F igure  1, L = 3.5. 

Figure  3: Same as  F igure  1, L = 4.5. 

Figure  4 :  Same as  F igure  1, L = 5.0. 

Figure  5 :  Same a s  F igure  1, L = 4.5, E, 2 1 . 2  MeV. 

F igure  6 :  Same as Figure  1, L = 5.0, E, 2 1.2 MeV.  

F igure  7:  P lo t  showing behavior o f  t h e  d i r e c t e d  s o l a r  wind k i n e t i c  energy 
d e n s i t y ,  f pv2, and t h e  magnetic f i e l d  energy d e n s i t y  B2/8n, 
du r ing  t h e  t i m e  i n t e r v a l  occupied by t h r e e  consecut ive 217 
s e c t o r s .  Sec tor  boundaries a r e  marked a s  heavy v e r t i c a l  dashes 
and t i m e  i n  days i s  recycled a t  t h e  beginning o f  each s e c t o r .  

F igure  8:  P lo t  showing t h e  behavior of f3 ,  t h e  r a t i o  of t h e  d i r e c t e d  s o l a r  
wind k i n e t i c  energy dens i ty  t o  t h e  magnetic f i e l d  energy 
d e n s i t y ,  dur ing  t h e  time i n t e r v a l  def ined  by t h r e e  consecut ive 
217 s e c t o r s .  
only a t  t h e  boundary de f in ing  t h e  - t o  + i n t e r p l a n e t a r y  f i e l d  
t r a n s i t i o n .  
a l s o  included.  

Note t h a t  the  l a r g e  v a r i a t i o n s  i n  f3 seem t o  occur 

A s c a l e  o f  the  Alfvgn Mach number, MA = J p ,  is 

/ 
Figure  9: P lo t  showing t h e  behavior of  t h e  Alfven Mach number, MA, f o r  a 

27 day per iod def ined by a 117 s e c t o r  followed by t h r e e  con- 
s e c u t i v e  217 s e c t o r s .  The a d d i t i o n a l  d a t a  of t h e  117 s e c t o r s  
f u r t h e r  support  t h e  observat ion t h a t  l a r g e  v a r i a t i o n s  i n  MA 
seem t o  be  a s soc ia t ed  w i t h  t h e  s e c t o r  boundaries d e f i n i n g  t h e  
- t o  + i n t e r p l a n e t a r y  f i e l d  t r a n s i t i o n .  This c o r r e l a t e s  w e l l  
w i th  t h e  observed trapped e l e c t r o n  i n t e n s i t y  inc reases .  The 
s l i g h t l y  v a r i a b l e  l eng th  i n  t h e  t i m e  scale of t h e  above p l o t s  
is due t o  t h e  unce r t a in ty  inherent  i n  t h e  beginning and ending 
times of t h e  117 s e c t o r s .  The shaded a r e a s  show t h e s e  
u n c e r t a i n t i e s .  



. .... . . *  

&t I --- I t t t t t t t I - - -*- - - 1  t t t t t tJ  
: 

2 4  
8 

t 

. 
. 

.a  
9 . 0  

llsllll1111 
- 

Figure 1 



TRAPPED ELECTRONS, E8 E 280 Kev 

& t 1 - - -  It t t t t t t 1 - - 2'- - - I  t t t t t t J  

0 .  *. . .? :. ...+ ..... ..- loll . .  
.. 

1 0 o ~ t I - - - I t t t t t t t I - - - - - - I  t t t t t J  

- ' .  i ~ l o l ~ .  .... 3.:. .. .. . f.. * . .'Y . . 
* ?,' 

,e,.*. - .>- 
E :a*. 

... * ...:=. .: r y:. ..... .... 

t 1 - - - It t t t t t t I - : - - - - I t t t t t .1 

" j.F ,.2 ... * - 
........... .. - . .  .. 

yllysllau 

Figure 2 



10' 
RATE VS lW L=4.5 

I - - - - - -  ) t t t t t t  

t 

"F 
10' + + I - - -  l t t t t t t t l - - - - - -  

8 L 

0 
- - 

l t t t t t t t l - - - - - -  I t t t t t t  - 

t t t ~ - , - - ~ t t t t t t t ~ - - - - -  .* 3 1 t t t t t t  1 
8 

;4 
0 

WlAllll(161 
Figure 3 



10' L 
g l  

- :*. J ' f  

-1 

V COUNT RATE VS TIME L=5.0 
TRAPPED ELECTRONS. Ee Z 280 Kev 

I U  ebtl--- I t  t t t t t t I - - - -  - -  I t t f t t + j  

OCTOBER 1965 

1 O ' k  
L 

I- 4 

" k W R  1963 
'" L 4 

f ' i  
DECEYBER 1963 

t e.: q-. 0 u ' 

1 

-I 
100 t +I  - - - I  + + + + + + + I  - - - - - - I t + + + + + /  

IAWARV 1964 

Figure 4 



l o 2 _  - 
- 1 t '  
-9 . .; a 

- 
- . f .  

- - . '  . 
r,:. 

. s 8  . .  - . .  . . C  y 10'- - .. - 
v) \ -  
v) 

z -  
0 0 

- 
COUNT RATE VS TIME L=4.5 
TRAPPED ELECTRONS. Ee 2: 1.2 Mev 

+ . 
a 

- 
. *  

- a 
,no + + I - - - l t  t t t t t t I - - - - - -  I t t t t.t t -  - 

9 4  

OCTOBER 1963 

IU t 

i 
t t t t t t t - - - - - - I t t t t t t  

mmMBER 1963 

. 

DECEMBER 1963 

t 
10' 1 

r 

4 

.. . ' 0  1 

I t t t t t t  

'." -1 
lANUARV 1964 

Figure 5 



. 

I 

. -  . .  - . .  
COUNT RATE VS TIME L=5.0 . . 

."0 TRAPPED ELECTRONS. f a i 1 . 2  Mev . 
I U  * ~ + 1 - - - I t + t + + t +  I - - - - * = -  I++'tl++j 

OCTOBER 1965 

.- -. *. . '.. .. .. .-.:I. s .  . . 
.. . * e .  . .. . -  -. - 

1 o - ' - - + + I - - - l t + + + t + +  I - - - - - -  I t t t t t t- 

DECEMBER 1963 
10' - - 

- 

* - -  . -.: j 
lo-' +I - - - I  + + + + + + + I  - - - - - - I + + + + +  

Figure 6 



I : 
I 
' I  

* *  

** 

I 
I 

I 1  

I * 
**4 

$* 

I 1 1 1 1 1 1 1 1 1 1  

Figure 7 



* *  
* *  

* i ** 

+* I 
2 

* 
' I  
I 

I '  
I '  

: 
' I  

I' 

Figure 8 

, 



I 

*r 
3 

* $* 

II II 

+ I  
f 

- 
cn + 
3 
Y 

(0 

t 

N 

0 

CD 

t 

N 

0 

CD 

t 

N 

0 

N 

0 

3 
f )  
* 

* 

h 

v) 

G n 
Y 

CD 

t 

N 

0 

(D 

t 

N 

0 

CD 

0 

N 

0 

N 

0 

0 
W 
Y 

I 

v) 

a a 

w a a n z 
3 
8 

e a 
O 
W 
v) 

6 
a 
W 

W 
v) 

z 

z 

I 
v) 

- 

- 

v) 

0 t- 
O 
W 
v) 

A 
A 

a 

a 

& 
0 
I- 
O 
W 
v) 

z 
I 
- 
t 
3 

I 
W 

c 
- 

Figure 9 



t 


